single polyprotein precursor, p110 (18) . The apparent molecular masses of the three structural viral components are 33, 58, and 42 to 47 kDa, respectively (16) . Both the hemagglutinating and neutralizing activities are associated with the El glycoprotein (7, 27) , although there is also one report demonstrating that the E2 protein contains at least one neutralization epitope (5) .
There appear to be six different major antigenic epitopes within El, mainly located within amino acid region 243 to 286, as defined by monoclonal antibodies (4, 5, 11, 24) . The antigenic epitopes of the C and E2 proteins are not as well characterized, mainly because of difficulties in generating monoclonal antibodies against them (5) .
We have previously demonstrated that recombinant El and E2 proteins expressed in Spodoptera frugiperda (Sf9) may have potential for the diagnosis of RV infection (17, 20) . In this communication, production and characterization of monoclonal antibodies against the RV El protein are described. The corresponding antibodies have been used for immunoaffinity purification of baculovirus-expressed El antigen. Evidence is presented that authentic RV can be replaced with the purified form of recombinant El when screening for positive human anti-RV serum samples in an enzyme-linked immunosorbent assay (ELISA).
MATERIALS AND METHODS
Cell lines. The insect cell line Sf9 (26) (14) . In brief, plasmid pME51 was used.
A small fragment (51 of 481 amino acids) of the mature El protein was fused to truncated VLP-capsid protein pl and expressed under the control of a PGK promoter. Yeast cells transformed with pME51 or control plasmid pMA5620 (6) were grown in SC-Leu to the stationary phase (A6. 6 h at 70,000 x g (TST28.17 swing-out rotor). Fractions containing the expressed proteins were pooled, pelleted as described above, and resuspended in TEN buffer before use.
A plasmid expressing a larger El fragment was constructed as follows. A 1.15-kb BglI-PvuI fragment was isolated from pKTH2522 (14) , made blunt, and ligated into the blunt-ended SalI site of YEpsecl (13) . In the resultant plasmid, YEpseclEl, the El sequences cover amino acids 25 to 405 of the mature El protein and are expressed from a hybrid GALUASCYCl promoter. The El cDNA was fused in frame to the Kluyveromyces lactis killer toxin signal sequence present in the plasmid. A constitutive yeast expression system was constructed by using the PGK promoter or pMA91 (2) . To create a stop codon adjacent to the polylinker region, YEpsecl-E1 was first cut with PstI, made blunt, and religated. A 1.26-kb SacI-HindIII fragment was isolated and ligated to the BglII site of pMA91 after treatment with the Klenow fragment and deoxynucleoside triphosphates to obtain pMA91-El (the El fragment produced with this vector in yeast strain AH22 [13] enters the lumen of the endoplasmatic reticulum [8a] ). Yeast cells grown in selective medium were collected by centrifugation, washed with 10 mM Tris-HCl (pH 7.5)-140 mM NaCl, and resuspended in the same buffer containing 1.5 mM phenylmethylsulfonyl fluoride and 100 U of Trasylol per ml. The cells were disrupted by mixing in the presence of glass beads. The cell debris was pelleted at 3,000 x g for 5 min. The supernatant, S3, was taken, and part of it was prepared immediately for SDS-PAGE. The rest of the S3 fraction was centrifuged at 15,000 x g. The resultant pellet, p15, and supernatant, S15, were stored in aliquots at -70°C. No RV El-specific material was detected in S15 by SDS-PAGE analysis.
Production of monoclonal antibodies. BALB/c mice were immunized with RV purified as described earlier (16) . In brief, RV-containing growth medium was concentrated with a CH4A concentrator (Amicon Corp., Lexington, Mass.) and cleared by centrifugation at 10,000 x g. The virus was then pelleted by ultracentrifugation with an SW 27 rotor (4,320 x g for 3.5 h) followed by sucrose gradient (30 to 60% and 10 to 25%) centrifugation (4,320 x g for 3.5 h). RV (2.5 ,ug per mouse) in Freund's complete adjuvant (Difco, Detroit, Mich.) was used for the primary immunization. The subsequent three immunizations were made with a 0.5% SDS-treated (boiled for 3 to 4 min) RV lysate (1.25 ,ug per mouse). Three days after the last immunization, the spleen was removed from the mouse best sensitized on the basis of immunoblotting. Spleen cells were fused with P3X63-Ag8.653 cells by using polyethylene glycol 4000 (Merck, Darmstadt, Germany) in accordance with the procedure developed by Kohler and Milstein (9) . After cell fusion, cells were cultured in hypoxanthine-aminopterin-thymidine medium at 37°C with 5% CO2 in a humid atmosphere.
Several weeks later, hybridoma supernatants were screened for anti-RV reactivity. Further characterization of the monoclonal antibodies obtained was done as described below.
ELISA. Semipurified RV (2.5 ,ug/ml) in carbonate-bicarbonate buffer (15 mM Na2CO3, 35 mM NaHCO3, pH 9.6) was The ELISA with human anti-RV-negative and -positive serum samples was performed in a modified fashion; RV antigens (2 ,ug/ml) were immobilized on ELISA plates (Nunc, Roskilde, Denmark) by overnight incubation in PBS at +4°C. Immunoblotting. Immunoblot analyses were performed essentially as described by Towbin et al. (23) . In brief, proteins were separated on SDS-10.0% polyacrylamide gels as described by Laemmli (10) and electrophoretically transferred to nitrocellulose membranes (Probind 45; Pharmacia, Uppsala, Sweden) in transfer buffer ( Preparation of immunoabsorbents. CNBr-Sepharose 4B (Pharmacia) was swollen in 20 2 h, 20°C) . The gel slurry was washed free of reactants with 7 mM Na-K-phosphate buffer (pH 7.3) and then washed three times sequentially in (i) 0.1 M Na-acetate buffer (pH 4.0) containing 0.5 M NaCl and (ii) 0.1 M Na2CO3 containing 0.5 M NaCl (pH 11.0). The gel was stored at 4°C in 7 mM Na-Kphosphate buffer (pH 7.3) containing 3 mM NaN3.
Purification of RV El proteins by monoclonal antibody immunoabsorption. Lysate from recombinant baculovirus VL1392-RV24S-infected Sf9 cells was prepared as described above. Half the amount of the lysate was incubated overnight (+4°C) with specific anti-RV El-coupled Sepharose beads (20 x 106 cells per ml of gel). The gel slurry was washed four times with 7 mM Na-K-phosphate (pH 7.3), and the bound proteins were eluted with 0.01 M Na2CO3 supplemented with 0. Serum samples from five mice immunized with purified authentic RV were analyzed by immunoblotting. Spleen cells of the immunized mouse that produced antibodies with the highest reactivity to envelope protein El were fused to P3X63-Ag8.653 myeloma cells. After 14 to 21 days, 370 of the 480 wells seeded had growing cells. The supernatants from these were initially screened in an ELISA using authentic-RVcoated plates. Positive wells were identified, subcloned several times, retested, expanded, and frozen. A total of 72 positives (19%) of 370 wells screened for binding to authentic RV were ultimately obtained.
Characterization of anti-RV monoclonal antibodies. Three of the clones positive in the ELISA, namely, 4E10, lE11:10, and 2D9:1, were further analyzed in an immunoblot using semipurified, authentic RV, a lysate from VL1392-RV24S-infected Sf9 cells, cell fractions from yeast expressing the large fragment of El, or Ty VLP-RV El hybrid particle antigens. As demonstrated in Fig. 1 , all three monoclonal antibodies identified an -58-kDa protein in the authentic RV preparation (lanes 3). Two major bands, one slightly smaller than 58 kDa and another with a molecular mass of 90 to 95 kDa, were stained when the recombinant baculovirus-expressed RV antigens were used (Fig. 1, lanes 2) . The latter most likely represents the precursor polyprotein to El and E2, whereas the former represents recombinant El, as has been described earlier (17) . Interestingly, when these antibodies where used to stain the El fragments produced in S. cerevisiae and containing different epitopes of the El protein, only lE11:10 was able to recognize the pl-El fusion protein containing the small fragment of El (Fig. 1A, lane 9) whereas all identified the large El fragment (Fig. 1, lanes 6 ). This indicates that lE11:10 binds to an epitope within amino acid region 236 to 286 of the RV El (Fig. 1, lanes 4  and 6) .
Immunoaffinity purification of recombinant baculovirusexpressed RV El proteins. The RV El proteins expressed in recombinant baculovirus-infected Sf9 cells were purified by immunoaffinity chromatography with monoclonal antibody 4E10. The lysate of VL1392-RV24S-infected Sf9 cells was incubated with Sepharose beads coupled with the specific anti-RV El monoclonal antibody. Immunoblotting of the eluted and pooled fractions with a polyclonal rabbit anti-RV serum showed that only one RV-specific protein was eluted ( Fig. 2A) . Coomassie blue staining of these El-containing positive fractions after SDS-PAGE analysis demonstrated the high purity of the recombinant RV El protein (Fig. 2B) .
Reactivity of anti-RV El immunoaffinity-purified, baculovirus-expressed recombinant RV protein with human sera. The baculovirus-expressed and immunoaffinity-purified recombinant RV El protein was evaluated for suitability as a diagnostic reagent. An ELISA was performed in which authentic RV was compared to immunoaffinity-purified recombinant RV El by using different dilutions of human anti-RV antibody-positive and -negative serum samples. The results in Fig. 3 demonstrate a striking difference in optical density at 492 nm between the anti-RV antibody-positive and -negative serum samples. In addition, the difference between the signals was rather small when authentic RV antigens were compared with immunoaffinity-purified recombinant RV El antigens.
DISCUSSION
Three monoclonal antibody clones, 4E10, IEl 1:10, and 2D9:1, against the RV El envelope glycoprotein were produced. Immunoblot analyses demonstrated that these antibodies reacted both with intact El derived from RV particles synthesized in B-Vero cells during an authentic RV infection and with the recombinant counterpart synthesized in Sf9 cells infected with the VL1392-RV24S baculovirus. By using El fragments produced in S. cerevisiae containing different epitopes of the El protein, it was possible to map the binding epitope of lE11:10 to amino acids 243 to 286. Similarly, the two other monoclonal antibodies, 4E10 and 2D9:1, were mapped to the region outside the corresponding amino acid sequence (Fig. 1) .
One of the monoclonal antibodies, 4E10, was used for immunoaffinity purification of the baculovirus-expressed RV El glycoprotein. Coomassie blue staining and immunoblot analyses of the resultant recombinant El protein demonstrated that the purity was high ( Fig. 2A and B) . The slightly reduced size of the baculovirus-expressed RV El protein (Fig.  1) is due to differences in glycosylation (17) . The results presented here, however, indicate that this does not alter the antigenic properties of the recombinant protein.
Comparison of the immunoaffinity-purified recombinant RV El protein with authentic RV in a routine ELISA in which human anti-RV antibody-positive and -negative serum samples were analyzed made it evident that baculovirus-expressed RV El might be used for screening of anti-RV antibodies in human serum samples.
